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CUCTEMA AnsA 6E3SKOHTAKTHOIO BUMIPIOBAHHA KOOPOUHAT
TOYOK NOBEPXHI CTIHK BEPTUKAJIbHUX CTAJIEBUX
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Pospobrena cucmema 0na 6e3xOMmMaKmMHUX OUCMAHYIUHUX BUMIPIO8AHL KOOPOUHAM MOYOK NOBEPXHI CMIHKU
B6EPMUKATILHUX CMAILHUX YUTTHOPUUHUX Pe3epeyapis, sika 3a 00NOMO20i0 PO3pOOJeH020 KYMOB020 NO3Uyionepd
NPoeKmye CKanylouy JHil0 1azepa Ha CMIHKY pesepsyapa i pomoepaghye it meipny. Ilicis 3acmocysanis 00 ooep-
Jrcanux pomoepadiii memooie 0OPobKU 300paicerb 3a HABEOCHOK MEMOOUKOIO 3a OONOMO20I0 PO3PODICHO20 NPO-
2PAMHO20 3a6e3neyents po3paxosyiomvcs KOOpOUHamu mo4ox nogepxui cminku. Hasedeno 3anescnicmos noxudxu
HEnPAMUX BUMIPIOBAHb KOOPOUHAM MOYOK ROBEPXHI CMIHKU 610 paodiyca pe3epayapa ma KilbKOCmi MOYOK 6UMIDIO-
6AHMS, WO OAN0 3MO2Y PO3PAXYBAMU CYMAPHY 36€0€HY NOXUOKY PO3POONEHOI cucmemu GUMIPIOBAHHST KOOPOUHAM
mMo4oK nogepxui cminxu, sika cmarnosums 0,098% npu eumiprosanni pezepsyapa padiycom 5 M 3 cemu moyox 6umi-
prosauns. IIpoeedeno npomuciosy anpobayito po3podienoi cucmemu.

Kitro4oRi cioBa: BepTHKAJIBHUIA CTATICBUN IWTIHIPUIHUNA pe3epByap, OC3KOHTAKTHI BUMIpPIOBAHHS, Jla3ep, KO-
OpJUHATH TOYOK.

Paspabomana cucmema 0ns 6eCKOHMAKMHBIX OUCTIAHYUOHHBIX USMEPEHUTI KOOPOUHAM MOYEK NOGEPXHOCTU
CMEHKU 6EPMUKATIbHBIX CIATbHBIX YUTUHOPUYECKUX Pe3epayapos, KOmopas ¢ NOMOWbIO pa3pabomaHHo20 Y2io8020
HO3UYUOHEPA NPOEKMUPYem CKAHUPYIOWYIO JUHUIO 1d3epa Ha CIMEeHKY pesepayapa u gomozpagupyem ee obpasy-
fowyro. Ilocne npumenenusi K NOIYHEHHbIM Gomoepagusim memooos 06pabomku uz00paxiceHutl no nPUEeOeHHoU
MemoouKe ¢ NOMOUWbIO pa3paboOmMaHHO20 NPOSPAMMHO20 0becnedeHUs: pacCuumvléaromes: KOOPOUHAMbL MOYeK no-
sepxHocmu cmenku. Ilpusedena 3a8ucumocms noSpeuHocmi KOCGEHHbIX U3MEPEHUTl KOOPOUHAM MOYeK NOBEPXHO-
Cmu CMeHKU Om paouyca pes3epsyapa U KOIUYeCmsd moyex UsmMepenusl, 4mo Oai0 803MONCHOCb pACCHUmMan
CYMMAPHYIO NPUBEOEHHYIO NOSPEUHOCMb PA3paAOOMAHHOU CUCTHEMbL UBMEPEHUsT KOOPOUHAN MOYeK NOGEePXHOCTHU
cmenxu, komopasi cocmasiusiem 0,098% npu uzmepenuu pezepsyapa paouycom 5 m ¢ cemu mouex usmepenust. Ipo-
6€0€HA NPOMBIUICHHAS anpobayusl paspabomanHHol CUCIEMbL.

KiroueBrie ¢i10Ba: BEPTHKAIBHBINA CTAIBHON IIMIHHAPHIECKUHN pe3epByap, OECKOHTAKTHEIE H3MEPEHHS, Ja3ep,
KOOPJIMHATHI TOYEK.

The system for contactless distance measuring of the wall surface points coordinates of vertical steel
cylindrical tanks is developed. It uses a developed angular positioner to project a scanning laser line on the tank
wall and make photo of its generatix. After the image processing methods had been applied to the obtained photos,
the coordinates of the wall surface points were calculated with the help of the mentioned methodology and
developed software. The error dependence of indirect measurements of the tank wall surface points coordinates on
the tank radius and number of measuring points is shown. It made it possible to calculate the integral reduced error
of the developed system for contactless distance measuring. The integral error is 0.098% when measuring the tank
withd the ;adius of 5m by using seven measuring points. The industrial testing of the developed system was
conaucted.

Key words: vertical cylindrical steel tank, contactless measurement, laser, points coordinates

BeprukanbHi cTalbHI LHIHAPUYHI pe3epBya-
pu (PBC), sKki 3HaX0OmAThCA HA TEPUTOPIii YKpaiHH
B [IEPEBAXHII OLIBIIOCTI 3HAXOISTHCS B CKCILIya-
Taun mona 20 pokie, 110 3yMOBIIIOE HEOOXIIHICTh
iX JlarHOCTYBAHHS JUIsl TIATBEPKCHHS MOXKIIMBO-
cri ix mopanewoi Gesneynoi ekcrutyaramii. s
norepenHboi omiHku crany PBC BukopucroBy-
IOThCS BI3yaJIbHO-ONTHUYHI Ta T'€0JC3MYHI METOJIU.
Busnauenns BimxuiieHHs TBipHOI cTiHku PBC Bin
BEPTHKAJII IPOBOJIATH 3a JOIOMOTOK KapeTKU 3Ti-
nao JICTY 4147-2003. Leit mporec € nyxe Tpy-
JIOMICTKMM 1 Ma€ BHMCOKI BHMOTHM JIO IIONOJHUX
YMOB, 3a SIKUX JI03BOJISETHCS MPOBOIUTH BUMIPIO-
BaHHs. IcHyroui J1a3epHi ckaHyroui cuctemu [1, 2]
€ MPOCTUMH B eKCIUTyaTallii, MpoTe iX BapTicTh €
BHCOKOIO, [0 MEPENIKO/KAE X MIMPOKOMY 3aCTO-
CyBaHHIO B YKpaiHi.

Jlyis BU3HAYEHHS KOOPAMHAT TOYOK IMOBEPXHI
CTIHKH pe3epByapa po3po0JIEHO CUCTEMY, sIKa IPo-

eKTYE CKaHyIOUy JIHIIO Jla3epa Ha CTIHKY pe3epBy-
apa i pororpadye ii TBipHY (puc. 1).

CucTema CKIaJa€ThCs 3 CKaHYIO4Oro Jlasepa,
KyTOBOTO TIO3HIIIOHEpa, J1a3epPHOro naneKOMlpa
¢doroanaparta Ta nmopratuBHoro komn 'torepa (I1K)
3 HEOOXIJIHUM TIpOrpaMHHM 3a0e3ledeHHsIM. 3a
JIOTIOMOT'OI0 KyTOBOT'O TO3MIIIOHEpa MPOBOAUTHCS
Jla3epHa PpO3ropTka (CKaHyl4Ya JIiHIA) 3€JICHOro
KOJIbOPY, sIKa TPOCKTYEThCS HA CTIHKY pe3epByapa
i YiITKO BM3HAYEHUM KYTOM, IO 3aJa€ThCSA I10-
sumioHepoM. Ipoekiis ¢ororpadyerbes 1 3a 10-
MOMOT'0I0  pO3pOOJIEHOT'0 TPOrpamMHoro 3abesrie-
YCHHS 32 OTPUMAHO0 (POTOrpadiero BU3HAYAKOTHCS
KOOD/IMHATH TOYOK TBIipHOI CTIHKM pE3epByapa.
st 11boro moTpioHO BUMIPSITH BifICTaHb B MpPU-
nay 10 BUMIPIOBaHOI TBIpHOI. 3a I0MOMOroKo Jia-
3epy YEPBOHOIO KOIBOPY HA JIA3epHIiH MpOeKwii
TBIPHOI Ha 3aJaHili BUCOTI MO3MIIIOHYETHCS OMOp-
HY TOYKY, JI0 SIKO1 BUMIPIOETbCS BifcTaHb. TpHKy-
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Pucynox 1 — Cucrema AJ1s1 BUBHAYEHHS] KOOPAMHAT TOYOK MOBEPXHi CTIHKM pe3epByapa

THUK AIMC JeXuTh B IUIOIIMHI, MapaelbHilA 10
ropusonty. doroanapar 3HaXOAUTHCS Ha (iKCOBa-
Hill BiJICTaHI BiJi KyTOBOTO MO3HIIIOHEPa, BOHU 3a-
KpiIIeH1 Ha KPOHIITEHHI TAKMM YHHOM, IO OITH-
YHa BiCh 00’€KTHBa (hoToanapaTa rapajieibHa Ha-
NpsIMy HYJIHOBOI'O KyTa a3UMyTy KyTOBOTO I1O3H-
mioHepa. [Ipu mnpoBeneHHI BHUMIPIOBaHb KpOH-
IITEI{H BCTaHOBIIOETHCSA MapaliebHO TOPH30HTY 1
MEPIICHANKY/ISPHO 10 HOPMai JI0 CTIHKU Pe3epBY-
apa, TaKUM YMHOM HaIlpsiM HYJIBOBOTO KyTa a3u-
MYTy KyTOBOT'O TIO3HIIIOHEPa CIIPSIMOBAHHH 110 HO-
pmauiti o crinku PBC.

[Mapamerpu BHYTPIIIHBOTO KaliOpyBaHHS Ka-
MepH, Taki K (OKyCHA BIICTaHb, KYT HAXWIIY ITiK-
censi, KOOpAMHATH MPUHIUIIOBOI TOUKH Ta JUCTOP-
CiF0 MO’KHA BU3HAYHTH B PE3yJIbTaTi KamiOpyBaHHS
¢doroanaparta, HampuKiIad, 3a MerogaoM Zhengyou
Zhang [3]. Jna uporo ¢ororpadyeTbes MIOCKHH
00’€KT y BUIVIAII IIAXOBOI JOIIKH MiJ PI3HUMH
pakypcamu. 3a ojnepkaHumu QotorpadismMu BuU-
3Ha4YalThCs mapameTpu ¢oroanapata [4]. Ciig
3ayBaXXUTH, IO B Cy4acHHX IHQpoBHX (oroara-
patax, Hanpukian, y ¢oroamapari Nikon D5200,
KyT HaxWIy IMKCEIsi MO)KHA BBKATH MPSMHUM, KO-
OpJIMHATH MPHUHIUIIOBOI TOYKH BUOUPATH K cepe-
IMHY 300pa)keHHs, a POKYCHY BiJICTaHb OTPUMATH
3 IHCTPYKII KOpUCTyBauda, SKa JOAAEThCA [0
00’ekTHBa (poToamapaTa, 30KkpemMa i 00’ €KTHBA
AF-S DX NIKKOR 18-55mm VR ¢oxkycHa Bin-

20 )
180 )

CTaHb CTAaHOBUTH Bij 12 MKM 3aJI€KHO Bij OITHY-
Horo macmrtaOyBauHs [S5]. Jlucropiii€ero JiH3M B
cydacHHX (oToamapaTax MOKHA 3HEXTYBaTH 3Ba-
JKal0YM Ha CYYacHI JOCSTHEHHS B BHUTOTOBJICHHI
00’€KTHBIB Ta Te, 110 HAHOUIBIIE TUCTOPIIS IPO-
SIBJSIETBCS JIMIIE Ha Kpasx 300paxkeHHs. Takox B
Cy4acHHX 00’ €KTHBAaX NPAKTHYHO BIICYTHS XpO-
MaTU4Ha abeparlis.

JlJis BHKJIIOUCHHS TIONEPEIHBOI 0OpOOKHU 30-
OpaxkeHHs (oToamapaToM JOIUIBHO IPOBOIUTH
3iioMky B RAW-¢popmari. Crin 3ayBakuTH, WIO
NPaKTHYHO KOXKEH CydyacHWil (oroamapar mae B
KOMIUIEKTI CIelliajibHe MporpaMHe 3a0e3rmeueHHs
ISt iloro oOpoOKK Ta TiepeTBOpeHHsI B iHIII (op-
Matu. 30kpema y dotoanapari Nikon D5200, Bu-
kopuctoByetbesi NEF-bopmar 1 criemiansie mpo-
rpamHe 3a0e3nedeHHst ViewNX 2.

BpaxoByrouu BUMOTH 10 CHCTEMH JIJIsl BU3HA-
YeHHS KOOPAWHAT TOYOK TOBEPXHI CTIHKH pe3ep-
Byapa, po3po0JieHO (YHKIIOHAJIBHY CXEMY KyTO-
BOT'O MO3MIIIOHEpa, HAaBelIeHy Ha puc. 2. Bumipio-
BaHHS BIJCTaHi JI0 pe3epByapa 3MiHCHIOETHCS 3a
JIOTIOMOT010 TIPO(eciitHOTO JTa3epHOro JajieKoMipa
Bosch DLESO [6].

Jloriunmii Kepyro4uii MPUCTPid, MICIS OTpPHU-
MaHHS Ta JEeKOAYBaHHS KOMaH/IH OllepaTopa, 4epes
CHJIOBI KJIFOUi MTOJIA€ HATIPYTY HA Pelie BKIIOYCHHS
Jaszepa Ta MPHUBOAY OOEPTOBOTO J3epKajia Mpu-
CTpor0 (OopMyBaHHs CKaHyIO4ol JiHIi 4M Ha 00-
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Pucynok 2 — ®ynkuioHajJbHa cxeMa KyTOBOT0 MO3UIIIOHEPA CHCTEMHU
A7 BU3HAYEHHS KOOPAMHAT TOYOK MOBEPXHi CTIHKH pe3epByapa

Pucynox 3 — 3oBHimHiii BUrJIs1 KyTOBOro no3uuionepa

MOTKH BIAMOBIJHUX KPOKOBUX €JIEKTPOIABUIYHIB,
sKi 00epTarTh MmIaThopMy B 3aJaHOMY HAmpsMi
a00 MO3HUIIOHYIOTh OIMOPHHUH Ja3epHUN MPOMIHb.
Ha pyx miatdopmu pearye ontuuHuid GpoTomapady,
SKHW TIepela€ CHTHall 3BOPOTHOTO 3B’SI3KY Haza]
no K, sika, B cBOIO uepry, oOpoOuBIIN HOro, Bi-
noOpakae (haKkTUYHE TONOXKCHHs IIAaTGOPMH Ha
MOHITOpI. 30BHIIIHINA BUIJISAA KyTOBOTO ITO3HINIO-
Hepa HaBeICHO Ha puc. 3.
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OrnepaTop Ma€e MOXIJIMBICTh BiJIaJICHO Kepy-
BaTH KyTOBHM IO3MIIIOHEpOM 3a noromororo 1K,
Ha SKOMY 3alyIIEHO Kepylody MporpaMy, mo Jae
3MOT'y OOMIHIOBATHCS IaHHUMH uepe3 1HTepderic
napainenbHoro nopty LPT. Jlns po3pobiienns mpo-
rpaMy KepyBaHHS TO3HUI[IOHEPOM OOpaHO Cepeio-
Buiie Delphi [7]. Ha puc. 4 HaBeneHo iHTepdeiic
CHCTEMH KepYBaHHS KYTOBUM ITO3UIIIOHEPOM.
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Mosuuis X: 0 °

Mo3unuia Y: 0 C

PoaropTka, Kpokie (10 ﬂ Crapt | Cron

[ Mokpokoui pexum X [ MoKpoKoBUA pexium Y

KinbkicTb kpokis X: KinbKicTb kpokie Y:

100 = s =l
| S =
<<< | Cron | >>> ‘ Bropy BHMH‘ Cton ‘
>> () << >> () <<

KoemiljeHT MacluTabyBaHHS X
0.1 i
KoempilieHT MaclwTaBysaHHA Y CTOI-I
05 =
=l
LWBMAKICTb NepeMilLLeHH:R
S S— o |10
napad noAoXeHHA X |0

1) nosuyis X (asumym); 2) nosuyis Y (kym naxuny); 3) pozeopmka iz 3a0aHHAM KPOKIS;
4) noxpokosuii pesxcum X, Y; 5) knonku pyunozo nepeminjents mexanizmie no koopounamuux ocax X, Y;
6) 8CMAaHOBNIEHHS Y NOYAKOGe NON0JICeHH s, 7) Koeiyienm macuimaodyeanns X, Y;
8) asapiiine 3ynunenns, 9) weuokicme nepemiwenns, 10) nokasu 0asaua NOLOHCeH s

Pucynok 4 — BikonHnuii inTepgeiic cucremMu KepyBaHHS KYTOBUM ONO3MI[iIOHEPOM

Jnst BU3HAYEHHS IMIHAPHYHUX KOOPIHHAT
TOYOK ITOBEPXHI CTIHKH pe3epByapa BH3HAYAIOTHCS
KOOpAMHATH OTMOPHOI Touku M , sika yTBOPIOETHCS
NUIIXOM  MPOEKIT YEepBOHOI TOUYKH JIa3€pPHOTO
MPOMEHsSI Ha KOXHY TBIPHY CTIHKH pe3epByapa Ha
3aJaHii BucoTi. [y 1{bOro BU3HAYAETHCS BIICTAHb
d ; B OIOpHU NpHIAZY 10 i€l TOYKH Ta KYT @,
MDK HOPMAaJUTIO J0 CTIHKH pe3epByapa Ta TBIPHOIO
(puc. 5).

[leprie monmokeHHS KyTOBOTO IMMO3HIIIOHEPA
MPUIMAETHCS 32 MOYATOK KoopauHaT. Bick opmu-
HAT HaMNpaBJSIETBCSI 110 HOpMalli JI0 pe3epByapa.
Toni koopauHaTu onopHoi Touku M (x};y)) BH-
3HAYAIOTHCS 3a POPMYIIaAMH:

; .
X _dj 'Sm(qoj)’
1
yj _dj -cos(q)j)

[Ticnst TOro sk MpoOBeAEHO BCi BUMIPIOBAHHS
BUJMMOI 3 JIaHOT'O TOJIOKEHHSI OMOpU TOBEPXHIi
CTIHKM pe3epByapa, onopa i KyTOBHH TO3UIIIOHEp
MEPEHOCATHCS B HACTYITHE TIOJOKEHHS 1 BUMIpIO-
BaHHS IOBTOPIOIOTHCS 3HOBY.

KoopmuHaty Beix TOUOK TIEpEBOSTHCS B CHC-
TeMY KOOPHMHAT MEPIIOTo IMOJIOXKEHHS OTOPH:

(1)

T2 )
182 )

x'T = —x_’,- -cos(ary; + o) —
—y_l,' -sin(ay; + o) +1; -sin(ay; ), @)
J/_l}_l =x_l} -sin(ay; + o) -

- y_’,- -cos(ay; +a;p)+1; -cos(ay;),

e j — HOMep TOUYKH;

i — HOMEp OmIOopH, BiJIHOCHO SIKOi BH3HAya-
I0ThCSl KOOPIMHATH;

[, — BiICTaHb MiX 7 -10 Ta MEPIIOIO OTOPaMH;

a; — KyT MDK HOPMAJUTIO 10 CTiHKH pe3epBy-
apa 3 Tepuiol OmopH Ta MPSMOK, IO YTBOpPEHA
IIEPILIOIO Ta I -}0 OIOpaMu;

a;) — KyT MDK HOPMAJUTIO IO CTIHKH Pe3epBy-
apa 3 [-1 OIIOpY Ta OPSIMOI0, IO YTBOpPEHa Iep-
LIOKO Ta [ -10 OIIOpaMHU.

KoopaunaTu oci pesepByapa x,. i y, BigHOC-
HO TMEPIIOr0 MOJOKEHHS OMOPH BH3HAYAIOTHCS
IUIAXOM MiHIMI3allii BUpasy:

1 2 1 2 2 P .
Sl 202 + 0 = y)? = R2F > min, 3)
J
ne R — womiHampHMIT pajiyc pesepByapa.
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K(Ar]:As]

. S S M

M(x,;y;)

[icns uporo moTpibHO mepepaxyBaTH KOOp-
JIMHATH BCIX TOYOK BiJIHOCHO OCI pe3epByapa i me-
PEBECTH KOOPIMHATH BCIiX TOYOK MOBEPXHI pe3ep-
Byapa B IWJTIHAPUYHY (GopMmy, s 4oro Tpeda
BpaxyBaTH BHCOTY, Ha SIKYy IIJHATA OMOPHA TOYKA,
1 TIEPEHECTH MOYaTOK KOOPAMHAT BHU3 Ha IO BiJ-
CTaHb.

3a xoopAMHATAMU OMOPHOi TOYKU ToO (oTo-
rpadii BU3HAYAIOThCS KOOPAUHATH BCIX TOYOK TBi-
pHoi. /)1 115010 3a MpoeKIiero TBIpHOT Ha (oOTO-
rpadii Bu3HAUAIOTECA KoopauHatH Ax{ i Ay] B
miKCesIX KOKHOI ToukM K TBIpHOT BinHOCHO omop-

HO[ TOYKH j T4 NEPEBOAATHCS B LMIIHAPHYHY CHC-
TeMy KOOpAMHAT 3 TTI0YaTKOM B HeHTpl pe3epByapa:

Ask —Ayk -Mas - y,,

- Ax! -Mas-y'-d, )
k J .
Ay’ =
k — s
a
ne  Mas — macmrad dororpadii B mKcensx;
a — JOBXHHA KPOHIITEHHY, TOOTO BiJICTaHb
MiX (hoToanapaToM Ta KyTOBHM MO3UIIOHEPOM.
Macwrab ¢pororpadii Mas BusHauaeTbes 3a
PO3MIpOM MaTpHIli Ta PO3LUILHO 3JAaTHICTIO (o-
Toarnapara, skl BXOJIsTh B HOr0 TEXHIUHI Xapakre-

puctuku. 3okpema, i ¢oroanapata Nikon
D5200 po3mip MaTpHIIi CTaHOBUTH
w, xh, =23,5x15,6 MM, a MakcUMajbHa PO3.i-

JbHA 3JaTHICTB n,, X n;, = 6000x4000 mnikceniB

b
el

Pucynok 5 — Cucrema BUMIpIOBAHHSI MJTIHAPUYHUX KOOPAMHAT TOYOK MOBEPXHi pe3epByapa

[5]. ToOTo MiHIMaIbHUN MacIITad MaTPHIII CTAHO-
BUTb W, /n,, =h,/n, =4 MKM/IiKcelb, 110 3 Bpa-
XyBaHHAM (OKyCHOI BiacTaHi f CTaHOBUTH Bif
Mas =w,,/(n,, - f)=0,00033 1/mikcens. s Bu-
3HAUCHHS PO3Mipy 00’€KTa HOro po3Mmip B IiKce-
JIIX MHOKHATBHCS HA BiACTaHb 10 00’€krTa 1 Ha Mac-
mrabd Matpuii ¢oroanaparta [8]. IIpu BHKOpHC-
TaHHI IHIIOTO po3mMpeHHs (oroanapara MacmTad
nepepaxoByeThes. OCKUIBKM  IUIOIIMHA  MATpHLI
(poroamapata crpsiMoBaHa MapalenbHO TBIPHUM
crinku PBC, To TBipHi Ha ¢ororpadii neprnenmu-
KYJISIpHI 10 TOPM30HTY i iX PO3MIp 3aNEKUTh BiJl
BIJICTAHI 10 HHX, sIKA BU3HAYAETHCS SIK OpAMHATA
OMOpPHOI Touku cdororpadoBanoi TBipHOI 3a pop-
myioro (1). Sxmo Bucota PBC He nae 3mory 3HITH
HOro OJIHUM KaJIpoM 3 TICBHOI BiJICTaHi, TO OJHUM 3
BapiaHTIB BHpIlIeHHA i€l mpobieMu € 3HoMKa
PBC y mepcnekTuBi 3 TOAAJBIIOI KOPEKINEH.
Jl7ist IbOTO 3MIHIOETBCS KYT HaxmTy (horoarnapara.
ITepen mowaTkOM BI/IMipIOBaHI) HGOGXi}IHO
IIPOBECTH TMEPEBIPKY CTaHy 30BHINIHBOI MOBEPXHI
CTIHKM pe3epByapa Ha BIACYTHICTb 3a0pyAHEHb,
OpU30K MeETaliB, HAIUIMBIB, 3a/IMPOK U MOXIIH-
BOCTI IPOBEJICHHSI 30BHIMIHIX BUMIpIB [9].
OOpoOka ¢ororpadiii, OTpUMaHKX 3a JOIO0-
MOTOI0 PO3PO0JICHOI'0 METOIy 3AIMCHIOEThCS B
cepezouii Matlab [10] 3 BUKOpHCTaHHSM 1EKO-
PENSAIHHOrO PO3TATHEHHS, pO30UTTS (oTorpadii
3a TphOMa KOJIbOpaMH Ta OiHapu3allis 3a KOKHUM
KOJIbOPOM 30KpeMa. Pe3yiabTaToM 00poOku 300pa-

—
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OGYMCIMTIA

Pucynoxk 6 — Bikno nporpamu 06pooxu ¢otorpadiii Ta po3paxyHKy KOOpAUHAT

JKEHHs € OlHapHUI MacHB, A€ OJMHMIISIMH IO3HA-
YEHO TPOCKIII0 JIa3ePHOT0 MPOMEHs Ha TBIpHY
pesepByapa (puc. 6).

JlekopensiiiiHe po3TATHEHHS TOKpAIIy€ CITiB-
BIJJHOILICHHS KOJBhOPIB Ha 300pa)keHHI 3 ypaxy-
BaHHSM KOpENSMIMHUX 3anexHocTer. [Ipu mepe-
TBOPEHHI 3HAYE€Hb BUXIJIHUX KOIBOPIB 300paskeHHS
niarna3oH BimoOpakeHHsS, B OUIBIIOCTI BUIAKIB,
30UTbIIYEThCS. [HTEHCHBHOCTI KOJIOPIB KOXKHOTO
MiKCeNsl TEePETBOPIOIOTECST Y BIIACHUHA KONIPHUH
MPOCTIp 3 KOPEISIIHHOI MaTPHUIIECIO, PO3TATYIOTh-
Csl, BUPIBHIOIOTHCS 1 TPaHC(POPMYIOTHCS Ha3a/l.

Binapu3aitisi 300paskeHHS MOJISTae y TIEPETBO-
peHHi Horo mikceiB B MacuB OiHApHHUX €JIeMEHTIB:
B «l», SIKIIO IHTEHCHBHICTH KOJIbOPY IIEPEBUIILYE
3ajaHe 3HaveHHs], 1 B «0» B TPOTUIIGKHOMY BHIIA-
TKY.

SAxio B pe3yibrati 00podku dororpadii He
BJIAJIOCS] BUSIBUTH TBIPHY SIK CYIUTBHY JiHIIO, JOITi-
JBHO CKOPUCTATUCS IHTEPHONALIHHUME TPOLIETY-
pamu 3 METOI0 OOYKCIICHHSI KOOPAWHAT TOYOK, BHU-
SIBHTH sIKi Ha (oTorpadii He BIATOCH.

Crin 3BepHYyTH yBary, mo o0pobky ¢ororpa-
¢ii cig TPOBOJAMTH OKPEMO JIJIsl pO3Ii3HABaHHS Ha
Hill TBIpHOI Ta OMOPHOI TOYKH, JJIsl YOTO BCTAHOB-
JICHO TepeMuKadi “BusiBieHHs”.

CymapHa noxuOKka BUMIPIOBaHHS KOOPJAWHAT
TOYOK MOBEPXHI CTIHKU pe3epByapa CKIAIAEThCS 3
moxuOOK BUMIpIOBaHHSI KOOPJIUHATH OMOPHOI TOY-
KA Ta MOXWOKM BHMIPIOBAHHS KOOPAWHAT TOYOK
TBipHOI 10 QoTorpadii BiIHOCHO KOOPAUHAT OIO-
PHOI TOYKHU.

JIJis OLIIHIOBAHHS 3aJIKHOCTI KIIBKOCTI OIOp
1, 3 SIKUX TPOBOUTHCS BUMIPIOBaHHS s 3a0e3-

Tea )
184 )

MeYEHHs HeOoOX1IHOro PiBHS TOYHOCTI, Bij pajaiyca
pesepByapa R mpuiiMaeThCs, 10 pe3epByap € Ko-
JIOM, BIIICAHUM B (irypy, yTBOPEHY TPSIMUMH MiX
onopamu. Toxi:

d =R-cig(p),
5
n

I'padix 3aneKHOCTI MOXUOKU BUMIPHOBAHHS
BiJ pajiyca pe3epByapa Ta KUIbKOCTI OIOpP BHMi-
proBaHHS (pric. 7) BpaxoBye MOXHOKY MpH IepeBe-
JICHH1 KOOP/IMHAT B TEpIIIe TIOJIOKEHHS OITOPH.

Sx BUAHO 3 puc. 7, yuM OuTbIIUK pajiyc pe-
3epByapa, THM 3 OUIBIIOI KUIBKOCTI OIOpP MPOBO-
mathesi pororpadyBaHHs s 3a0e3medeHHsT He00-
XimHoro piBHsL TouHOCTi. J{ms pesepByapa paniy-
COM 5 M TIpW NPOBEICHHI BHMIPIOBaHb 3 7 OMOp
noxubka BHMIPIOBAHHS palialibHOI KOOPAMHATH
cranoButh 0,098%, T06TO 4,9 MM.

Jlnst 3a0esreyeHHss Takoi TOYHOCTI BiATBO-
pennst nmosepxHi crinku PBC 3 BpaxyBaHHAM Me-
TOJMYHOI TIOXUOKU TNPH BUKOPUCTAHHI KyOIYHHX
CIUIAlHIB, SKa 3aJEKUTH Bl KPOKY JAMCKPETHU3AIii
Ta MOXimHOI (YHKIIT YETBEPTOro MOPAIKY, JUIS
MaKCHUMaIIbHO JOMycTUMOi 3rigHo [11] BM aTHHU
BHUCOTOIO 45 MM TIpW MiHIMaNbHIH 1i BHCOTI 3 M
JOCTaTHHO TIPOBECTH BHUMIPIOBAHHS 110 BEPTHUKAJII B
30H1 IeEeKTY B TPHOX TOUKAX.

[Ipomuciiora ampoOairis po3po0JeHoi cucTe-
Mu Oyna npoeenena Ha PBC HI'BY “/lonunanad-
tora3z”. B pesynbrari oOpoOKH OTpHMaHUX (POTO-
rpadiii 3a JTOMOMOrow Po3poOICHOr0 MPOrpaMHo-
ro 3a0e3NevueHHs] OTPUMaHO KOOpJUHATH 8-1 TBIp-
Hoi ctinku PBC, BUMIipsiHOT 3 OHOTO MOJIOKEHHS
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Pucynok 7 — 3ane:xkHicTh NoXu0KH BUMIPIOBAHHA KOOPAUHATH 7
Bin paaiyca PBC Ta kinbkocti onop
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a) homoepaqhis 6e3 06pobKu, 6) homoepaghis nicis OeKoperaYitHo20 PO3MACHEHH S
Pucynoxk 8 — 300pa:keHHs ckaHy10401 JIiHil Ha PI3HUX BHAAX MOBEPXOHb

oropu. OTpruMaHi 3HaYeHHs TIOPIBHIOBAJIMCS 3 pe-
3ylbTaTaMd BHMIPIOBaHb BiIXHJIEHb 8- TBipHOI
crinku PBC Bin BepTukaii 3a JaHUMHU MPOTOKOITY
TEOMETPUYHOTO  KanmiOpyBaHHS. MaTemaThuHe
CHOAIBaHHS PI3HMIII MK BUMIPIOBaHHSIMH 3a JIO-
MOMOT'0I0 KapeTK! Ta 3a JOIMOMOI0l0 po3poliieHol
cucTeMu J0piBHIOE -0,25 MM, cepeqHbOKBaIpaTH-
YHE BiIXWJICHHS piBHE 2,86 MM.

Cnig 3ayBaKuTH, 10 MOXMOKAa OOYMCIICHHS
KOOpJIMHAT CTiHKH Oyze 3ajexaTH BiJ crocoly
00po0Kku ¢ororpadii: yum gitkiiie Oyae BUIICHA
MPOEKIIisl TBIPHOI, TUM TOYHIIIUM OyJ/ie pe3yybTarT.
Takox mij yac MPOBEACHHS EKCIIepUMEHTaIbHHX
JOCTIIKEHb MPOBECHO TOCTIIKEHHS MOXKIUBOCTI
BHSIBJICHHSI CKaHYIOYOi JIiHIT Ha HermodapOoBaHii
MOBEPXHI, IO MOKa3aHo Ha puC. 8.

Sk BUIHO 3 pHC. 8 0) MicHs IEKOPEsIIfHOTO
PO3TSATHEHHS YiTKO BUIHO MPOCKIIIO JIa3epPHOTO
MPOMEHS HaBITh Ha MOBEPXHIO, HE MOKPHUTY (ap-
6oto.

Po3pobneny cucremy Mo>kHa BUKOPHCTOBYBA-
TH TaKOX JUIs BH3HAYCHHS KOOpJIWHAT iHIINX Be-
TUKOrabapuTHUX 00’€KTIB, 00pOOISIOUN BUMIPSHI
napaMeTpu 3 BpaxyBaHHSM T'€OMETPUYHHX 0CO0-
JIUBOCTEH 00’€KTa.
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